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Abstract
Background: Prostate cancer remains the leading cause of cancer deaths among Caribbean men. However, little
data exists on the influence of social factors on prostate cancer in the Caribbean setting. This article supports the
2011 Rio Political Declaration on addressing health inequalities by presenting a systematic review of evidence on
the role of social determinants on prostate cancer in Caribbean men. It aims to determine the distribution, by
known social determinants of health, of the frequency and adverse outcomes of prostate cancer among Caribbean
populations.
Methods: Observational studies reporting an association between a social determinant and prostate cancer
frequency and outcomes were sought in MEDLINE, EMBASE, SciELO, CINAHL, CUMED, LILACS, and IBECS databases.
Fourteen social determinants and 7 prostate cancer endpoints were chosen, providing 98 possible relationship
groups exploring the role of social determinants on prostate cancer. Observational studies with > 50 participants
conducted in Caribbean territories between 2004 and 2016 were eligible. The review was conducted according to
STROBE and PRISMA guidelines. Random-effects meta-analyses were performed.
Results: From 843 potentially relevant citations, 13 articles from 9 studies were included. From these included
studies, 24 relationships were reported looking at 11 distinct relationship groups, leaving 90 relationship groups
(92% of all relationship groups) unexplored. Study heterogeneity and risk of bias restricted results to a narrative
synthesis in most instances. Meta-analyses showed more diagnosed prostate cancer among men with less formal
education (n = 2 studies, OR 1.60, 95%CI 1.18–2.19) and among men who were married (n = 3 studies, OR 1.54,
95%CI 1.22–1.95).
Conclusions: This review highlights limited evidence for a higher occurrence of diagnosed prostate cancer among
Caribbean men with lower levels of education and among men who are married. The role of social determinants
on prostate cancer among Caribbean men remains poorly understood. Improvements in study quantity and quality,
and reduced variability in outcomes and reporting are needed. This report represents the current evidence, and
provides a roadmap to future research priorities for a better understanding of Caribbean prostate cancer
inequalities.
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Background
In 2015, prostate cancer accounted for about one-quarter
of all male cancer deaths in the Caribbean, making it the
leading cause of male cancer deaths and the third leading
cause of male deaths overall [1]. The age-standardized
mortality rate from prostate cancer among Caribbean
men was estimated to be 50 per 100,000 in 2015, over
twice the mortality seen in the USA and UK [1, 2]. Carib-
bean rates have increased by nearly 40% since 1990, in
contrast to the decrease seen among many industrialised
countries [1, 2]. Prostate cancer occurrence increases after
age 40 and is more common among African-Americans
and men with particular germline mutations [3, 4]. Evi-
dence on the role of other factors - such as diet, hormone
levels, obesity and social determinants - on prostate can-
cer onset and progression remains less conclusive [4].
Despite the overall high mortality from prostate cancer
in the Caribbean, little is known about whether prostate
cancer and its outcomes vary within Caribbean popula-
tions. The 2007 Port of Spain Declaration was affirmed
by Caribbean Commonwealth Heads of Government to
reduce the burden caused by noncommunicable diseases
(NCDs) [5]. Describing Caribbean NCD variability and
associated social drivers is relevant in guiding public
health policy in reducing NCDs. This is underscored by
the 2011 Rio Political Declaration through which coun-
tries have committed to monitor and address health in-
equities, and the World Health Organization (WHO)
Commission on the Social Determinants of Health
(CSDH) has emphasized the importance of research to
accommodate these objectives [6, 7].
Research exploring social inequalities among men with
prostate cancer in the UK and USA offers evidence for the
influence of ethnicity, socioeconomic position (SEP) and
occupational exposures [8–14]. However, the social deter-
minants of prostate cancer among Caribbean populations
have yet to be reviewed systematically. The aim of this re-
view is therefore to determine the distribution, by known
social determinants of health, of the incidence, prevalence,
and adverse outcomes of prostate cancer among popula-
tions living in the Caribbean. This process is guided by the
analytical framework used to examine the social determi-
nants of specific conditions by the WHO CSDH [15].
Methods
A study protocol (see Additional file 1) provides the full
methodology details. The methods were guided by a previ-
ous systematic review of social determinants of diabetes
[16] and an initial scoping review of prostate cancer.
Eligibility criteria
Observational studies from 32 Caribbean territories were
sought, which reported at least one relationship between
a social determinant and prostate cancer frequency
(incidence, prevalence) or prostate cancer outcome (can-
cer stage, grade, recurrence, survival, and mortality). Arti-
cles written in the four official Caribbean languages
(English, Spanish, French, and Dutch) were included.
Study samples of any age were included, and were sam-
pled from the general population or from healthcare facil-
ities. Studies including less than 50 men were excluded as
unlikely to be fully representative of the general popula-
tion. Guided by the PRISMA statement for transparent
reporting of systematic reviews and meta-analyses with a
focus on health equity, which recommends the “PRO-
GRESS” checklist, the following social determinants were
used: place of residence, race or ethnicity, occupation,
gender, religion, education, socio-economic position
(SEP), and social capital [17]. Reports published between
January 2004 and December 2014 were originally sought
for inclusion, with a recent review update to also include
reports published in 2015 and 2016. This study has taken
place within the context of a major review of regional and
national policy responses in the Caribbean to chronic
NCDs [18]; the review period was selected as relevant to
the current situation and able to inform policy response.
Search strategy, study selection, data abstraction
MEDLINE (via Pubmed), EMBASE (via Ovid), SciELO (via
SciELO), CINAHL (via EBSCO), and CUMED, LILACS,
and IBECS (via WHO Virtual Health Library) databases
were searched [19–23] using Endnote as the reference
management software [24]. The final search was conducted
in July 2017. The search strategies used are detailed
Additional file 2.
Studies were selected and data was abstracted independ-
ently by two reviewers (SH, CB). Titles and abstracts were
screened to first identify articles that were potentially rele-
vant. Then, full-texts of these potentially relevant articles
were screened to identify articles for inclusion. An elec-
tronic data abstraction form was created (see
Additional file 1) using the REDCap software [25], and its
content guided by the STROBE statement on strengthening
the reporting of observational studies in epidemiology and
the PRISMA-Equity statement [26, 27]. Inconsistent
screening and abstraction results were reviewed by an inde-
pendent third party (NSG).
Risk of bias assessment
STROBE and Cochrane guidelines (see Additional file 1)
were jointly used to create a risk of bias was tool which
was used to assess bias at the relationship level [26, 28].
Five domains were assessed:
 Confounding (ie: might a relationship be affected by
an unmeasured confounder?)
 Participant selection (ie: is the sample representative
of the target population?)
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 Missing data (ie: is the data reasonably complete?)
 Outcome measurement (ie: is a social determinant/
disease endpoint appropriately measured?)
 Selective reporting (ie: is a relationship selectively
reported?).
Relationships and articles were classified as having ser-
ious, moderate, low, or unclear risk of bias. Two reviewers
(CB, NSG) made an independent judgement on the overall
risk of bias of each included relationship and article, with
any discrepancies resolved through discussion.
Synthesis of results
The review was planned as a narrative synthesis, with
meta-analysis of quantitative evidence restricted to rela-
tionships reported by ≥ 2 studies classified as having low
or moderate risk of bias. Key study details are presented,
followed by a description of each association between a
social determinant and either a measure of disease fre-
quency or a measure of disease outcome (with each asso-
ciation being termed an ‘inequality relationship’). An
evidence gap map (Fig. 2) was used to summarize the
number and type of inequality relationships [29].
Random-effects meta-analyses were performed in recogni-
tion of the anticipated heterogeneity between studies.
Relationships eligible for meta-analysis described cancer
frequency and were summarised using odds ratios. Sensi-
tivity analyses included studies classified as having high/
unclear risk of bias. All quantitative summaries were per-
formed using Stata statistical software (release 14, College
Station, TX: StataCorp LP).
Results
Summary of included studies
Figure 1 presents a flowchart of articles identified, ex-
cluded, and included. From 843 identified articles, 13
Fig. 1 Flowchart of search strategy and article selection
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articles reporting data from 9 unique studies were eli-
gible for inclusion.
Table 1 describes characteristics of the 13 included ar-
ticles; all studies included 1 or more social determinant
stratifications. Seven social determinants were examined
by these articles. Of these 13 articles, 10 reported on pros-
tate cancer frequency and 4 reported on prostate cancer out-
comes. The studies were conducted in English-speaking
(Barbados, Jamaica, Trinidad and Tobago); French-speaking
(Guadeloupe) and Spanish-speaking (Cuba, Puerto Rico)
Caribbean countries. Most articles reported on populations
in Cuba, Jamaica, and Puerto Rico (n = 4 for each). Figure 2
summarizes the inequality relationships reported in the
included articles.
There were 24 inequality relationships reported: 18 on
prostate cancer frequency and 6 on prostate cancer out-
comes. When articles reporting data from the same
study are removed, the number of inequality relation-
ships falls to 17: 12 on frequency and 5 on outcomes.
There is a crucial evidence gap on the effects of social
determinants on prostate cancer among Caribbean men.
With 14 social determinants and 7 review outcomes,
there were 98 unique inequality relationship groups that
could have been reported. Just 8 (8%) of these relation-
ship groups were reported by the 13 included articles,
leaving 90 (92%) relationship groups without an evidence
base.
Risk of bias of included studies
The risk of bias assigned to each of the 24 social deter-
minant relationships is presented in Table 2. Of the 13
articles, 1 was classified as having low risk of bias, 9 as
having moderate risk of bias, 1 as having serious risk of
bias, and 1 as having unclear risk of bias. Figure 3 details
the proportion of relationship classifications within each
of the 5 risk of bias domains. Overall, lack of adjustment
for confounding was the main contributor to an in-
creased risk of bias, followed by non-disclosure or inad-
equate handling of missing data.
Summary of included inequality relationships
Prostate cancer frequency
There were 18 inequality relationships examining the fre-
quency of prostate cancer, reported by 10 articles across 5
social determinants: education (n = 8), ethnicity (n = 2),
marital status (n = 4), occupation (n = 2), and SEP (n = 2)
[30–39]. Prostate cancer frequency was defined as the
number of cases by 8 articles and incidence rate by 2 arti-
cles [34, 38].
Six studies (8 articles) examined the association of pros-
tate cancer frequency and education, 5 of which reported
an increased frequency of prostate cancer among men
with less formal education [30–33, 35–37, 39]. All studies
used a case-control design, and relationships originated
from Cuba (n = 2), Jamaica (n = 3), Barbados (n = 1),
Guadeloupe (n = 1), and Trinidad and Tobago (n = 1).
Seven relationships were of moderate risk of bias, while the
single Guadeloupe relationship was of high risk of bias. Fig-
ure 4 presents a meta-analysis of the relationship between
education and prostate cancer frequency; multiple articles
reporting data from the same study were not included.
Using studies classified as having low or moderate risk of
bias [31, 32] and stratifying education as “primary or less”
or “secondary or more”, results indicate that men with pri-
mary education or less were more likely to have had pros-
tate cancer (OR 1.60, 95%CI 1.18–2.19). In a sensitivity
analysis including 1 additional serious-risk study [37], the
direction of effect remained but the pooled odds ratio re-
duced in size (OR 1.35, 95%CI 1.07–1.70).
Four articles from 3 studies examined the
age-adjusted association of prostate cancer frequency
and marital status, showing higher prostate cancer fre-
quency among married men [30, 31, 33, 36]. All studies
used a case-control design and relationships originated
in Barbados (n = 1), Cuba (n = 2), and Trinidad and
Tobago (n = 1). Three relationships were classified as
moderate risk of bias, while the Trinidad study was clas-
sified as having low risk of bias. Figure 5 presents the
meta-analysis of the relationship between prostate can-
cer and marital status; multiple articles reporting data
from the same study were not included. Stratifying mari-
tal status as “ever married” or “never married”, married
men were more likely to have had prostate cancer (OR
1.54, 95%CI 1.22–1.95) [31, 33, 36].
Two articles from 1 Cuban case-control study exam-
ined the age-adjusted association of prostate cancer fre-
quency and ethnicity, reporting that Black Cuban men
were more likely to have prostate cancer than White
Cuban men (OR 1.3, CI 0.9–1.9; p = 0.05) [30, 31]. These
relationships were classified as having moderate risk of
bias. Two articles from Cuba and Barbados examined
the relationship between prostate cancer frequency and
occupation, neither reporting an association [30, 33].
Both relationships were of moderate risk of bias. Two
articles from 1 Puerto Rican study examined the
association between prostate cancer frequency and SEP
[34, 38]. SEP was defined by 8 residential area level indi-
cators and both articles reported higher rates of prostate
cancer among men with higher SEP (SEP5 (highest)/
SEP1 (lowest) ratio 1.12, 95% CI 1.04–1.21).
Prostate cancer outcomes
There were 6 inequality relationships reporting on prostate
cancer outcomes, reported by 5 articles across 3 social
determinants: education (n = 1), residence (n = 3), and SEP
(n = 2) [34, 38, 40–42]. Mortality was the only outcome
reported and studies were cohort, cross-sectional and
registry-based designs. Studies originated from Puerto Rico
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(n = 4) and Cuba (n = 1), with the remaining study examin-
ing 12 Caribbean territories collectively. All relationships
were classified as moderate risk of bias, except for the sin-
gle Cuban study examining residence which was classified
as serious risk of bias and the Caribbean-wide study exam-
ining residence which was classified as unclear risk of bias.
The single study examining education and mortality
(Puerto Rico) reported no association [41]. Three studies
examining mortality and area of residence offered lim-
ited information [40–42]. The Cuban study did not dif-
ferenciate rural/urban divides, while the Puerto Rican
study reported no difference in mortality in urban versus
rural locations. The Caribbean-wide study did not for-
mally assess mortality differences in urban versus rural
settings, but did list mortality rates by country. Barbados
(3.9%), Guyana (4.4%), and Trinidad and Tobago (4.9%)
were reported to have the highest cumulative mortality
risks, while Puerto Rico had the lowest risk of 1.0% [42].
Two articles from 1 Cuban study examined the associ-
ation between mortality and SEP, reporting that men
with lower SEPs had higher age-adjusted prostate cancer
mortality (SEP5 (highest)/SEP1 (lowest) ratio 0.88, 95%
CI 0.07–1.02) [34, 38].
Discussion
Summary of evidence
This systematic review has examined the extent of evi-
dence on the influence of social determinants of health
on prostate cancer frequency and adverse outcomes in
the Caribbean. Thirteen articles from 9 separate studies
were included. With 14 possible social determinants and
7 chosen prostate cancer endpoints, there were 98 pos-
sible ways (relationship groups) of exploring the role of
social determinants on prostate cancer. From the in-
cluded studies, 24 relationships were reported looking at
Fig. 2 Summary of 17 unique relationships among 13 included articles [30–42]
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8 distinct relationship groups, leaving 90 relationship
groups (92% of all groups) without an evidence base.
Most articles were classified as having moderate risk
of bias, mostly because of failures to adjust for import-
ant potential confounders, which limited interpretation.
A key consideration for social determinant studies is the
recognition of interrelationships among the social deter-
minants themselves. For instance, ethnicity often con-
tributes to our understanding of inequalities between
population subgroups. Using an international example,
African Americans are often disadvantaged compared to
Caucasian Americans in terms of education, occupation,
and income; with each of these social determinants asso-
ciated strongly with access to healthcare and later health
effects [43].
In this review, prostate cancer occurrence was consist-
ently higher in men with lower levels of education, which
conflicts with some international evidence [44–46]. In a
US study, for example, higher education was associated in
all ethnic groups with a higher prostate cancer incidence,
attributed partly to greater use of health and screening ser-
vices [45]. Inequalities in screening uptake can be influ-
enced by differences in health-seeking behaviour or access
to healthcare provision [13, 34, 44]. For instance, increased
screening by more affluent social groups is reflected in our
finding that Caribbean men in higher SEPs had a higher
incidence of prostate cancer [34, 38]. A more recent Carib-
bean study supports this notion of SEP inequalities – this
time through income inequalities – with screening for
prostate cancer reported to be higher among Dominican
Republicans with health insurance coverage [47]. Our con-
flicting finding for education may reflect the dynamics of
different healthcare systems between Puerto Rico (SEP
study) and countries examining education (Cuba, Jamaica,
Table 2 Risk of bias assessments among 24 relationships from 13 included articles [30–42]
Article (n = 13) Relationship (n = 24) Bias domain
Endpoint Social determinant Confounding Participant
selection
Missing data Measurement
of outcomes
Selective
reporting
Overall
Bray, 2016 [42] Outcome Residence Moderate Unclear Unclear Low Low Unclear
Fernández, 2005 [30, 31]a Frequency Education Moderate Low Low Low Low Moderate
Frequency Ethnicity Moderate Low Low Low Low Moderate
Frequency Marital Status Moderate Low Low Low Low Moderate
Frequency Occupation Moderate Low Low Low Serious Moderate
Fernández, 2005 [30, 31]a Frequency Education Moderate Low Low Low Low Moderate
Frequency Ethnicity Moderate Low Low Low Low Moderate
Frequency Marital Status Moderate Low Low Low Low Moderate
Jackson, 2012 [35]b Frequency Education Moderate Low Unclear Low Low Moderate
Jackson, 2013 [32]b Frequency Education Moderate Low Serious Low Low Moderate
Jackson, 2015 [39]b Frequency Education Moderate Low Serious Low Low Moderate
McDonald, 2011 [36]d Frequency Education Low Low Low Low Low Low
Frequency Marital Status Low Low Low Low Low Low
Multigner, 2010 [37] Frequency Education Serious Serious Low Low Low Serious
Nemesure, 2013 [33]d Frequency Education Moderate Low Serious Low Low Moderate
Frequency Marital Status Moderate Low Serious Low Low Moderate
Frequency Occupation Moderate Low Serious Low Low Moderate
Santana, 2011 [40] Outcome Residence Serious Low Unclear Low Low Serious
Smit, 2007 [41]d Outcome Education Moderate Low Low Low Low Moderate
Outcome Residence Moderate Low Low Low Low Moderate
Soto-Salgado, 2012 [34]c Frequency SEP Moderate Low Unclear Low Low Moderate
Outcome SEP Moderate Low Unclear Low Low Moderate
Torres-Cintrón, 2012 [38]c Frequency SEP Moderate Low Unclear Low Low Moderate
Outcome SEP Moderate Low Unclear Low Low Moderate
aThese articles used data from the same Cuban study
bThese articles used data from the same Jamaican study
cThese articles used data from the same Puerto Rican study
dThese articles are each components of larger studies: (Nemesure [33] - Prostate Cancer in a Black Population) [62], (Smit [41] - Puerto Rico Heart Health Program)
[63], (McDonald [36] - Tobago Prostate Study) [64]
Brown et al. BMC Public Health  (2018) 18:900 Page 10 of 14
Barbados, Guadeloupe, Trinidad and Tobago); the inter-
play of proxies defining SEP; or perhaps a failure of the in-
cluded studies to fully explore interrelationships between
competing social determinants (such as education and eth-
nicity, or education and social support).
Similar to other settings [48, 49], marriage was associated
with a higher reported occurrence of prostate cancer in
Caribbean men [30, 31, 33, 36]. The social support ex-
tended by marriage is thought to promote health-seeking
behaviour, leading to a greater chance of diagnosis [50, 51].
Without this social support, health-seeking reluctance leads
to delayed diagnosis and a higher risk of adverse outcomes.
On the other hand, a growing body of evidence explains
that men with fewer sexual partners and subsequent lower
rates of venereal disease, as well as men with a higher
ejaculation frequency – both likely conditions of a typical
married life - could lower the risk of developing prostate
cancer [32, 52–58]. The social consequences of marriage
might therefore also include a lower prostate cancer mor-
tality [56].
Our results highlighting an increased prostate cancer
frequency among men of African descent are supported
by a large body of evidence emphasizing the importance
of ethnicity as a social determinant of lifestyle risk factors
Fig. 3 Proportion of risk of bias classifications of the 24 relationships across the 5 domains [30–42]
Fig. 4 Meta-analysis of the relationship between incident cases of prostate cancer and education [31, 32, 37]
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and health status [12, 34, 43, 45, 57, 58]. However, a bio-
logical component may also be at play. Genotypes associ-
ated with prostate cancer incidence and prognosis, such
as Steroid 5 alpha-reductase and Cytochrome P450 3A4,
are more commonly seen in persons of African origin [34,
43, 58, 59]. The predominance of an ‘African genome’ in
many Caribbean populations could play a role in the re-
gional burden of prostate cancer, and its interplay with so-
cial determinants remains an important area for further
research [34, 58, 59].
Evidence for associations between social determinants
and prostate cancer outcomes is sparse. Mortality from
prostate cancer was reported to be higher among men with
a lower SEP [34, 38]. This may be related to reduced avail-
ability of or access to screening and other health care ser-
vices, as well as reduced health literacy impacting on
cancer stage at diagnosis and treatment adherence [43–45].
Notably, the Cuban study examining SEP calculated SEP
using community-level measurements (see Table 1 foot-
note); other Caribbean settings, using individual-level SEP,
may have different findings.
An important consideration when examining differ-
ences between studies from different Caribbean coun-
tries is country-level healthcare governance. Two
locations of our included studies - Guadeloupe and
Puerto Rico - are territories of France and the USA re-
spectively, with the commensurate possibility of greater
healthcare resources. For instance, in a recent examin-
ation of life expectancy in the Caribbean, Martinique
and Guadeloupe (territories of France) had the highest
Caribbean life expectancies and the largest improve-
ments in life expectancy over 40 years [60]. However,
as it applies to the included studies of this review from
non-sovereign Caribbean countries [34, 37, 38, 41, 42,
61], they either showed no difference in directionality
from relationships of independent Caribbean territories
or their relationships were not reported by other inde-
pendent Caribbean territories to allow comparison.
Limitations
This review is limited by a small number of articles eligible
for inclusion (n= 13), particularly for prostate cancer
outcomes. The Caribbean – considered as one region
geographically – indeed has country-level variation in social
determinants that are possibly masked by this grouping and
analysis. Publication bias is an important concern as limited
resources restricted grey literature searching. At the
study-level, validity of results is limited by the moderate or
serious risk of bias assigned to many of the included studies.
Country-level information on screening and access to treat-
ment, such as prostate-specific antigen screening rates and
wait times for diagnosis or treatment, are important potential
confounders that were not assessed in the individual studies.
Conclusion
This review suggests a higher occurrence of prostate
cancer among Caribbean men with lower levels of edu-
cation (OR 1.60, 95%CI 1.18–2.19) and among married
men (OR 1.54, 95%CI 1.22–1.95). Statements on the
role of other social determinants in the Caribbean must
be tempered by a paucity and limited quality of evi-
dence. The WHO CSDH has highlighted the role of
health research in understanding health inequities, and
Caribbean countries have committed to addressing
these inequities [6, 7]. Although the need for more re-
search in this area is acknowledged, this effort to im-
prove the evidence base should include an attempt at
standardizing reporting guidelines for observational
studies of inequality. For systematic reviews of observa-
tional evidence, the development of a validated risk of
bias assessment tools is an imperative.
Additional files
Additional file 1: Study Protocol. (DOCX 4024 kb)
Additional file 2: Search Strategies. (DOCX 16 kb)
Fig. 5 Meta-analysis of the relationship between incident cases of prostate cancer and marital status [31, 33, 36]
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